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a b s t r a c t
Soils are themost heterogeneous parts of the biosphere,with an extremely high differentiation of properties
andprocesseswithinnano- tomacroscales. The spatial and temporalheterogeneityof inputof labile organics
by plants creates microbial hotspots over short periods of time e the hot moments. We deﬁne microbial
hotspots as small soil volumes with much faster process rates and much more intensive interactions
compared to the average soil conditions. Such hotspots are found in the rhizosphere, detritusphere, biopores
(includingdrilosphere) andon aggregate surfaces, but hotspots are frequently ofmixed origin. Hotmoments
are short-term events or sequences of events inducing accelerated process rates as compared to the average
rates. Thus, hotspots and hot moments are deﬁned by dynamic characteristics, i.e. by process rates.
For this hotspot concept we extensively reviewed and examined the localization and size of hotspots,
spatial distribution and visualization approaches, transport of labile C to and from hotspots, lifetime and
process intensities, with a special focus on process rates and microbial activities. The fraction of active
microorganisms in hotspots is 2e20 times higher than in the bulk soil, and their speciﬁc activities (i.e.
respiration, microbial growth, mineralization potential, enzyme activities, RNA/DNA ratio) may also be
much higher. The duration of hot moments in the rhizosphere is limited and is controlled by the length of
the input of labile organics. It can last a few hours up to a few days. In the detritusphere, however, the
duration of hotmoments is regulated by the outpute by decomposition rates of littere and lasts forweeks
andmonths. Hotmoments induce succession inmicrobial communities and intense intra- and interspeciﬁc
competition affecting C use efﬁciency, microbial growth and turnover. The faster turnover and lower C use
efﬁciency in hotspots counterbalances the high C inputs, leading to the absence of strong increases in C
stocks. Consequently, the intensiﬁcation of ﬂuxes is much stronger than the increase of pools. Maintenance of
stoichiometric ratios by accelerated microbial growth in hotspots requires additional nutrients (e.g. N and
P), causing theirmicrobialmining fromsoil organicmatter, i.e. primingeffects. Consequently,priming effects
are localized inmicrobial hotspots and are consequences of hotmoments.Weestimated the contribution of the
hotspots to the whole soil proﬁle and suggested that, irrespective of their volume, the hotspots are mainly
responsible for the ecologically relevant processes in soil. By this review, we raised the importance of
concepts and ecological theory of distribution and functioning of microorganisms in soil.
© 2015 Elsevier Ltd. All rights reserved.
1. Introduction: deﬁnitions and the most important hotspots
1.1. Deﬁnitions and concept
Themost ecologically relevant biogeochemical processes in soils
are microbially mediated. Despite the enormous amount of
microbial cells, i.e. 107e1012 in one gram soil (Watt et al., 2006),
their localization is restricted to very small microhabitats
comprising much less than 1% of total soil volume (Young et al.,
2008) and globally covering merely 106 % of the soil surface area
(Young and Crawford, 2004). Many soil microorganisms tend to
form colonies and biofilms and tend to aggregate (Hodge et al.,
1998; Ekschmitt et al., 2005), forming microbial hotspots. Conse-
quently, ecologically relevant biogeochemical processes mainly
occur in the small volume of soil hotspots. We deﬁne microbial
hotspots as small soil volumes with much faster process rates and
* Corresponding author. Dept. of Soil Science of Temperate Ecosystems, Univer-
sity of G€ottingen, Germany.
E-mail address: kuzyakov@gwdg.de (Y. Kuzyakov).
Contents lists available at ScienceDirect
Soil Biology & Biochemistry
journal homepage: www.elsevier .com/locate/soi lbio
http://dx.doi.org/10.1016/j.soilbio.2015.01.025
0038-0717/© 2015 Elsevier Ltd. All rights reserved.
Soil Biology & Biochemistry 83 (2015) 184e199
